Previous studies identified markers for SVZ astrocytes and neuroblasts (see Table 1 and Figure 1 ; Doetsch et al., 1997), but no marker is known for C cells. Dlx2 is a The cell types in the SVZ can be distinguished by immunostaining for the markers in this table.
the development of GABA-ergic neurons and oligodenbrain (Eisenstat et al., 1999). In contrast, SVZ astrocytes and ependymal cells did not express Dlx2 ( Figure 1A ). drocytes in the embryo (reviewed in Panganiban and Rubenstein, 2002), which is also expressed in the adult Interestingly, a few Dlx2 Ϫ mitotic figures were encountered that had ultrastructural characteristics of SVZ SVZ (Porteus et al., 1994) . We performed pre-embedding immunostaining in combination with electron microsastrocytes ( Figure 1C ). We confirmed that Dlx2 is expressed in C cells and neuroblasts by EM analysis of copy to identify which cells in the adult SVZ express Dlx2 ( 
C Cells Express the EGF Receptor
the lateral ventricle for 7 hr. This short infusion was used to identify which SVZ cells responded to EGF before We analyzed sections immunostained for the EGF-R and SVZ cell type-specific markers (Table 1) (Table 2) . In contrast, the number of 2A-2C). Although most SVZ astrocytes did not express the EGF-R, a small subset of SVZ astrocytes, stained neuroblasts was reduced to approximately one-half of that in control animals (Table 2) . Although the number with GFAP or S100, did. Interestingly, some GFAP/ EGF-R ϩ astrocytes apparently contacted the lateral venof SVZ astrocytes was similar to controls, 2.79 times more SVZ astrocytes contacted the lateral ventricle (Figtricle (Figures 2D-2F ). EGF-R was not detected in the PSA-NCAM ϩ neuroblasts in the SVZ (Figures 2G-2I) or  ure 3 and Table 2 ) in mice infused with EGF (n ϭ 4) compared to control mice (n ϭ 4). These cells frequently in the RMS (Figures 2J-2L) . Thus, the majority of EGF-R ϩ cells in the adult SVZ correspond to the rapidly dividhad a single cilium with an associated centriole at its base (Figure 3 ), a structure also found in neuroepithelial ing C cells. Occasionally, we observed EGF-R We used this method to determine whether the number downregulate Dlx2, continue to proliferate, and become of neurospheres that could be generated from the SVZ migratory and more astrocyte-like.
changed at different stages of regeneration. Figure 6G shows that a small number of cells capable of generating neurospheres are present in the SVZ at 0 and 12 hr after Dividing Cells Give Rise to Neurospheres EGF-responsive cells from the SVZ can be cultured in Ara-C treatment, when no C cells are present but the first dividing SVZ astrocytes appear (Doetsch et al., 1999b). vitro in the presence of EGF to generate neurospheres, which exhibit features of stem cells (Weiss et al., 1996a) .
However, between 1 and 3 days after Ara-C treatment, when C cells are present but before neuroblasts have Previous work has suggested that SVZ neural stem cells that can be cultured as neurospheres correspond to a reappeared, the number of neurospheres formed increased dramatically to approximately the levels obrare population of relatively quiescent cells (Morshead served in control animals. Neurospheres prepared 0 and were the cells that were eliminated and responsible for neurosphere formation. This was not the case, as neuro-12 hr and 1, 2, 3, and 6 days after Ara-C treatment had the capacity to form GFAP ϩ astrocytes and TuJ1 ϩ blasts purified to 99% purity (Lim and Alvarez-Buylla, 1999) failed to generate neurospheres when exposed to neurons when plated for differentiation. Furthermore, secondary neurospheres could be cultured, which upon EGF (not shown). Together the above results suggest that ‫%07ف‬ of neurospheres arise from C cells. To rule plating gave rise to differentiated neurons and glia. In all respects, the neurospheres generated at each time out that C cells are not the precursors for neurospheres but are required to support the formation of neuropoint after Ara-C had the same properties as neurospheres produced from nontreated animals.
spheres by another SVZ cell type in a nonautonomous manner, such as by the secretion of a factor into the medium, we performed a rescue experiment: cells from
Selective Killing of C Cells Results in Decreased the SVZ of mice in which all cells express GFP (Okabe Neurosphere Formation et al., 1997) were cocultured with Dlx2-IRES-HSV-TKThe above experiments suggest that EGF-responsive IRES-tau-LacZ cells in the presence of GCV (Figure 7). neurospheres arise from actively dividing secondary The number of neurospheres that grew from GCVprecursors, likely C cells. In order to test this hypothesis treated Dlx2-IRES-HSV-TK-IRES-tau-LacZ cells in the more directly, we selectively eliminated C cells in vitro rescue conditions (36.99% Ϯ 8.2%) did not increase using Dlx2-IRES-HSV-TK-IRES-tau-LacZ mice and de-
significantly compared to those in the nonrescue conditermined the number of neurospheres that could be tions (p ϭ 0.26, t test), indicating that the reduction of generated. Dissociated SVZ cells from adult Dlx2-IRESneurospheres formed is cell autonomous and is the re-HSV-TK-IRES-tau-LacZ mice were cultured in the pressult of killing C cells. These findings strongly suggest ence of EGF and GCV for 6 days. These cells gave rise that C cells give rise to the majority of EGF-responsive to less than one-third (31.58% Ϯ 3.98%, p Ͻ 0.001, t neurospheres. test) the number of neurospheres that grew from control wild-type cells treated with GCV ( Figure 7C 
